Introduction
More than 150 species of internal parasites infect horses [7] . Gasterophilus spp. are obligate parasites commonly found in the gastrointestinal tract of equids, and affecting the horses' health by absorbing nutrients and secreting toxins [36] . An unusual finding of larval Gasterophilus intestinalis deeply inserted in the diaphragmatic muscle was recently reported [5] . Infection by Gasterophilus spp. induces generically nonspecific clinical signs such as difficulties in swallowing p i n a r d @ l a v o i s i e r . f r (throat localization of the larvae), gastric and intestinal ulcerations, gut obstructions or volvulus, rectal prolapses, anemia, and diarrhea [9, 10, 19, 36] . In addition to their significance as parasites of horses, there are reports of human myiasis associated with Gasterophilus spp. causing subcutaneous creeping or ophtalmo-myiasis [2, 14, 30] . Nine species of Gasterophilus (Diptera, Gasterophilidae) flies have been described. While Gasterophilus intestinalis and Gasterophilus nasalis are distributed worldwide, the remaining seven species are usually reported in limited areas of Eastern Europe and Africa [22] . The presence of Gasterophilus species has been investigated in different countries such as Belgium, Ireland, China, Germany, Kazakhstan, and Poland, with rates varying between 43 and 100% [1, 13, 15, 18, 29, 33] . In Algeria, no data on the prevalence and on the species composition of Gasterophilus spp. are available. The horse breeding areas have been located in some sites since the colonial period. The breeds of horses in Algeria are dominated by the autochthonous Barb, the thoroughbred Arab, and several crosses (mainly Arab-Barb). Equine parasite infections have been poorly investigated in Algeria. Aside from one study describing the incidence of strongyle infections [4] , the prevalence and distribution of the other parasite species in Algerian horses remain largely unknown. Therefore, the current work aims to provide more insights on the epidemiology of equine parasites in the eastern part of Algeria by investigating the prevalence and species fauna of Gasterophilus. It also aims to determine the monthly variations of the infection pattern among three kinds of Algerian horses during a one year and a half period.
Materials and methods

Study area and necropsy procedures
The study was carried out during an 18 month period in a slaughterhouse on the occasion of sanitary inspections of consumer meat. This slaughterhouse is located in Khroub (East Algeria), which is situated 80 km south of the Mediterranean coast, 635 m above sea level. The climate is Mediterranean semi-arid [6] , with a hot dry summer extending from June to August and a wet cold period from September to March-April. The average annual rainfall is 630 mm. January is the rainiest month with an average rainfall of 94 mm.
The necropsied horses (n=128) were aged between 8 and 15 years. Seven horses were of the autochthonous Barb breed, 35 were identified as Arab-Barb crossbreeds, and the majority (88 horses) was unidentified crossbreeds. The horses' population was composed of 99 males and 29 females. After a first observation to retrieve any ectopic extra-intestinal larvae migration, the stomach, small intestine (i.e., the duodenum about 50cm from the pylorus), the large intestine (i.e., cecum and rectum) were isolated using a string. The different regions were cut longitudinally and when present, larvae were removed and placed in water.
Morphological identification was carried out in the Parasitology Unit of the Institute of Veterinary Sciences, Constantine University. No information was available on the medical history of the horses, pasture or anti-parasitic treatment, nor on the actual place in the country where they were bred.
Identification procedures
All the collected larvae were washed in saline solution (NaCl 0.9%) and identified using a stereomicroscope with a magnification capacity ranging from 12 to 80. Morphological identification was based on the description of Zumpt [37] .
Statistical analysis
A Chi square test was performed to establish differences of infection between factors: age, sex, and breed. The differences were considered to be significant when the p-value was ≤ 0.05 (significance threshold). Monthly dynamics of each Gasterophilus species (based on mean number of the larvae) were analyzed using an analysis of variance (ANOVA) test, followed by a post hoc Tukey test to classify the months into high or low infection periods. All the statistical analyses were performed using SPSS 20 software.
Results
The overall prevalence of infection with Gasterophilus spp. larvae was 96.9% (124 of 128 horses). The number and percentage of positive and negative horses, grouped according to age, sex, and breed, are reported in Table 1 . No significant differences were registered in terms of prevalence among horses of different age, sex, or breed (p > 0.05).
A total of 2074 second-stage larvae (L2) and 17,825 third-stage larvae (L3) were collected with a mean intensity of 160 larvae. Gasterophilus intestinalis was by far the most common species (95.3%) followed by G. nasalis (77.3%), G. haemorrhoidalis (14.0%), and G. pecorum (10.1%). During the first year of the study, the ANOVA analysis showed that the dynamic of the mean larval burden was statistically different throughout the months studied (p = 0.03). The period from January to July showed the highest mean burden (p = 0.02), while the lowest mean was registered from September to November (p = 0.05). During the semester monitored in the second year, no differences in the mean larvae burden were recorded (p = 0.27) ( Table 2) . During the first year, the lowest number of L3 was recorded from September to November. L2 were collected in the first year from September until January, and February of the second year. p i n a r d @ l a v o i s i e r . f r Table 1 Number and percentage of horses tested positive and negative with Gasterophilus spp. larvae grouped according to age, sex, and breed in eastern Algeria / Nombre et pourcentage de chevaux positifs et négatifs par Gasterophilus spp. dans l'est de l'Algérie, les larves sont regroupées selon l'âge, le sexe et la race Half of the animals (n = 71, 55.5%) harbored two Gasterophilus species; 29 animals (22.6%) were infected by a single Gasterophilus species; 22 animals (17.1%) by three species; and two animals (1.6%) by four species. The seasonality of the infection by different species of Gasterophilus is shown in Table 3 .
L3 of G. intestinalis and G. nasalis occurred in all months of the year. Those of G. pecorum were prevalent in November to February and those of G. haemorrhoidalis in January to May. However, L2 were absent from April to July for G. intestinalis, and June and July for G. nasalis. No L2 were found for the two other species.
Discussion
The high prevalence of Gasterophilus spp. larvae (96.9%) in the present study was similar to that previously reported from horses in Italy (94%) [28] and from donkeys in other countries of the Mediterranean basin such as Morocco [25] and Jordan, [21] . On the other hand, the prevalence of gasterophilosis is higher than reported in England and Wales (53%) [8] , Poland (47%) [31] , Germany and Ireland (43%) [3, 35] , and Sweden (10%) [12] . The differences may be due to various factors including grooming of animals during the period of fly activity, the number of horses, the presence of donkeys and mules in a given area increasing the probability of cross-infection, and the favorable Mediterranean climate. This difference might also be explained by the fact that grazing animals are often left untreated in Algeria. These results suggest that both G. intestinalis and G. nasalis are the predominant species in Algeria. Similar results were reported in other countries in the Mediterranean zone, such as in Morocco [24] , in Italy [23, 27] , and in Jordan [21] .
The prevalence of G. intestinalis is comparable to those described in New Zealand [16] , Ireland [35] , and the United States of America (USA) [26] , where the infection rates varied between 90 and 100%. In addition, the high prevalence of G. intestinalis worldwide may be due to the fact that this parasite develops in the stomach where there is a large habitat for larval growth. At this site, the larvae have more abundant resources than the other species (e.g., those living in the duodenum and the rectum) and consequently, the adults are more vigorous and have a higher biotic potential [23] .
The prevalence of G. nasalis in Algeria in this sample is higher than in other countries. In New Zealand, Kettle [16] found them in 59% of horses. In the USA, Panitz [26] reported that the incidence was even lower with 30%, while in Ireland, G. nasalis was slightly higher with 65% of infected animals [35] . All these values should be considered with the knowledge if the animals are treated or not. The low prevalence of species other than G. intestinalis and G. nasalis can be explained on the one hand by a likely tendency toward an extinction of these species of Gasterophilus, in agreement with Otranto et al. [23] , and on the other by their persistence in sites where the pressure of competition is lower. This latter is suggested by the fact that G. haemorrhoidalis larvae were found attached to the pyloric mucosa and duodenum, which are the same sites of localization of G. nasalis larvae, in a horse where the latter were not present. Thus, we could speculate that G. haemorrhoidalis larvae can survive in horses when G. nasalis larvae are absent. This is also corroborated by the fact that, although different species were found in the same horse, larvae of different species were never found mixed together. There was no evidence of any association between age or sex of the host and the prevalence of Gasterophilus spp. larvae. Similar observations were recorded by Otranto et al. [23] , Pilo et al. [27] in Italy, and Niedźwiedź et al. [22] in Poland. However, Ibrayev et al. [15] and Pandey et al. [24] found in Kazakhstan and Morocco respectively that older animals have fewer larvae than younger ones. They explained this observation by the development of protective immunity resulting from a previous infection. In contrast, Miguélez et al. [20] in their study carried out by ELISA in Spain on exposure of horses to Gasterophilus spp., pointed out that older animals were more prone to infection; they suggested thus a cumulative effect of infestation throughout the animal's life. In the same way as age and sex, our study did not show any effect of the breed on the prevalence of Gasterophilus spp. In contrast, Liu et al. [18] in China, found that the prevalence of Gasterophilus infection depends on the host species. They reported that infection in Przewalski's horses (Equus przewalskii) was higher than in the local domestic horse (E. caballus) or in Mongolian wild ass (Equus hemionus). They explained this observation by the inherent differences in the susceptibility of the three host species. Furthermore, Miguélez et al. [20] , reported that the Arabian thoroughbred was found with a higher percentage of antibodies against Gasterophilus spp., whereas autochthonous Pura Raza Gallega (Galician) horses achieved lower values. They explained their results by the agility gregarious of autochthonous specimens, which could avoid oviposition and therefore their infestation by botfly. It must be mentioned that all horse breeds belong to the same species E. caballus.
Regarding the seasonality of the infection by different species of Gasterophilus, it is well known that the development from the egg to L2 requires approximately six weeks, while L3 develop for about 8 to 10 months in the gastrointestinal tract of the host [32] . In the present study, the ANOVA analysis revealed that the highest mean number of L3 larvae of G. intestinalis was found from January to July (p = 0.09). Unlike the L3, no difference was recorded for the L2 (p = 0.12). L2 and L3 of G. nasalis do not vary through the months (p = 0.54 and p = 0.30) respectively. No differences for larvae were also found for others species.
No L2 of G. intestinalis were present in the stomach from April to July in the first year. The new generation of L2 appears in September, increases gradually to reach a peak in December, and then decreases gradually until March of the second year. A minimum of 6 weeks is required from the time an egg is laid on the hair until it emerges as an L2 in the stomach. This implies that the L2 recovered during September would be the product of the first eggs of the season laid by flies. The high number of L2 of G. intestinalis in the stomach of horses during December would be due to the eggs laid in autumn. Usually, it takes 3-5 weeks for the L2 to become L3 in the stomach of horses [23] . Therefore, it seems normal that the L3 will be present in the stomach in large numbers in the 8 months from December of the first year to July of the second year. The decrease of L3 in the stomach of horses in September to November can be explained by their elimination in the feces as they become ready to pupate. These L3 which develop into adult flies between October and December are the main source of infection during this period. Sukhapesna et al. [34] have experimentally demonstrated that higher temperatures hasten embryogenesis and hatching of G. intestinalis eggs but reduce their viability. In the studied region, the temperature rises during spring and reaches the highest levels during the months of July and August. The eggs laid in summer can hatch within 2 weeks and probably will not be viable for more than a few weeks, whereas the eggs laid during autumn, when the temperature starts falling, will take longer to hatch and may remain viable for 2-3 months. Therefore, these autumn-laid eggs are probably those infecting horses. However, it seems that after January, the eggs, if they are present on hairs in small number, are not viable and the infection does not occur from February to June. The L2 of G. nasalis appear around the same time as G. intestinalis (in September of the first year of study). They increase in number to reach a peak a month later in October, declining thereafter to a negligible number in May of the second year. The L2 become L3 in 3-5 weeks. This means that the first new L3 are identified in October and their numbers continue to increase until December. L3 are passed in feces in significant numbers in February and March and the adult flies are, therefore, active from March to October with the peak fly density in summer. No L2 of G. pecorum were found during the study. The L3 larvae appear during the rainy months (November-February) of the eastern part of Algeria indicating that the availability p i n a r d @ l a v o i s i e r . f r of water plays an important role in its development. A previous study showed that the oviposition sites of G. pecorum are often near a water source [17] ; only the Gasterophilus spp. species lays its eggs on grass [11, 28] . Several authors attributed the reduction of the prevalence of gasterophilosis to the extensive use of antiparasitic drugs with larvicidal activity, such as ivermectin and moxidectin. Therefore, the high prevalence of gasterophilosis found in our study would suggest that the treatment of this parasitosis is not extensive in the region, or not correctly applied. This needs to be further elucidated. The frequency per year of the treatments against Gasterophilus spp. depends on the biologic cycle. Our results suggest that for horses bred in this region at least, the treatment should be administered in October, corresponding to the peak of G. nasalis larvae in the digestive tract. A second treatment may be administered in December, corresponding to the second peak of G. intestinalis larvae in the digestive tract.
Conclusion
In the study region, under a semi-arid Mediterranean climate, gasterophilosis is confirmed to be an important parasitosis in horses. Monthly variations of Gasterophilus species are distinguished by a marked seasonality of L2 in September for the two dominant parasites G. intestinalis and G. nasalis, with a first peak in October for G. nasalis, and a second peak in December for G. intestinalis. The high prevalence of infection found in this study suggests that anthelmintic drugs are not extensively or correctly used. Thus, to control this gasterophilosis, two interventions with a macrocyclic lactone, recommended because of its remanence could be used during this critical period (autumn-winter), and could also act against strongyles found prevalent at this period [4] . Finally, it is advisable to enhance the awareness of horse farmers about the menace of this parasitosis. p i n a r d @ l a v o i s i e r . f r
